We conducted a prospective, blind observational study to investigate the prevalence and prediction of difficult intubation in Chinese women. Two groups of Chinese women were studied (151 pregnant and 260 non-pregnant). The prevalence of difficult intubation was 1.99% in the pregnant and 1.54% in the non-pregnant group. The difference was not statistically significant. Predictive variables for difficult intubation, including modified Mallampati class, thyromental distance and atlanto-occipital extension, had high sensitivity but low positive predictive value when used alone. A shorter thyromental distance had to be used as the criterion for prediction in Chinese women. Combination of predictive variables could improve the positive predictive value.
Difficult intubation is a major concern for anaesthetists, especially in pregnant women, and when it is often unexpected. Although it has been the impression that Chinese patients are more difficult to intubate than Caucasians, no data was available for Chinese patients. The value of various predictive tests for difficult intubation has not been proven. The aims of the study were to study the prevalence of difficult intubation in Chinese women, to compare the difficulty of intubation in pregnant and non-pregnant women, and to study the usefulness of various predictive tests for difficult intubation for Chinese women.
METHODS
This was a prospective, blinded study. After Ethics Committee approval and informed consent, two groups of ethnic Chinese women were studied over a period of six months. Group 1 consisted of all women scheduled for elective caesarean section performed under general anaesthesia (GA). Group 2 consisted of all women scheduled for elective gynaecological operations under GA requiring endotracheal intubation. Pregnant women and those who had delivered within the previous two weeks were excluded from Group 2. We also excluded women from the study if the attending anaesthetists decided on regional anaesthesia or to employ modes of intubation other than direct laryngoscopy under GA. In order to eliminate inter-observer variability 1 , the preoperative airway assessments of all women were conducted by the chief investigator (SHSW), using airway measurements including inter-incisor gap 2 (IIG), Mallampati test 3 (MP), thyromental distance 4 (TMD) and atlantooccipital extension 5 (AOE).
IIG was defined as the distance between the upper and lower incisors with the mouth widely open. MP based on Samsoon and Young's modification was performed with the subject seated, mouth widely open and the tongue maximally protruded without phonation 6 . TMD was the distance between the thyroid notch and the chin with the head fully extended and the mouth closed. AOE was measured as the angle traversed by a line joining the mastoid process to the angle of mouth as the head moved from fully-flexed position to the sniffing position 7 . The age, weight and height were also recorded. To avoid bias the chief investigator did not take part in the subsequent anaesthetic management. GA was administered using standard techniques. In Group 1, thiopentone and suxamethonium were used for induction and intubation. In Group 2, the appropriate induction and intubation agents were selected according to individual needs and clinical circumstances commensurate with current anaesthetic practice. Peripheral nerve stimulators were used to ensure adequate muscle relaxation. Intubation was performed by the attending anaesthetists who were specialists or trainees with more than three years of anaesthetic experience. Direct laryngoscopic gradings 8 (DL) as defined by Cormack and Lehane were recorded.
ANALYSIS OF DATA
The prevalence of difficult intubation were calculated for pregnant and non-pregnant women and compared using the Chi squared test. The sensitivity, specificity and positive and negative predictive values of the various airway measurements were calculated. The predictive values of these measurements were analysed using multiple regression to provide a simple method for prediction of difficult intubation. SPSS for Windows version 6.0 was used.
RESULTS
One hundred and fifty-one pregnant and 260 non-pregnant women were studied. There were significant differences in the two groups with respect to age, body weight, IIG and AOE as shown in Table 1 . There was one failed intubation in the pregnant group (0.7%) and none in the non-pregnant group.
The prevalence of difficult intubation was 1.99% in the pregnant and 1.54% in the non-pregnant group, using DL grade III or higher as the criterion. However, the difference was not statistically significant ( Table 2) .
To determine which factors might predict difficult intubation, age, weight, height, IIG, MP, TMD, AOE and pregnancy were analysed using multiple regression. When DL grading was taken as the dependent variable, three predictive variables, MP, TMD and AOE were found to have statistically significant associations ( Table 3 ). The usefulness of these predictive variables, alone or in combinations, were analysed with respect to the sensitivity, specificity, positive and negative predictive values in predicting difficult intubation (Table 4 ).
Mallampati Class
When MP III was used as the criterion for predicting difficult intubation, both sensitivity and specificity were high (0.857 and 0.626 respectively). However, the positive predictive value was very low (0.038). This meant that MP criteria had a high false positive prediction rate.
Thyromental Distance
When TMD 6.5 cm was used as the criterion for predicting difficult intubation, the sensitivity was 100% but the specificity was only 0.243, and the positive predictive value was very low (0.023). If a shorter TMD was used as the criteria, both the specificity and the positive predictive value increased. For our group of Chinese women, the optimal TMD criterion was 5.5 cm, when both sensitivity and specificity were high (0.714 and 0.834 respectively). However, the positive predictive value was still low (0.075).
Atlanto-occipital Extension
When AOE 35° was used as the criterion for predicting difficult intubation, both sensitivity and specificity were high (0.857 and 0.705 respectively). However, the positive predictive value was also very low (0.048).
Combination of Predictive Variables
All the above predictive variables, when used alone, had the problem of low positive predictive value and thus high false positive prediction rate. Could this problem be solved by combination of predictive variables? 
MP and TMD
It was shown that using a combination of MP III and TMD 7 cm as criteria resulted in high sensitivity and specificity in predicting difficult intubation 9 . When this criteria was used in our group of women, both sensitivity and specificity were high (0.857 and 0.653 respectively). However, the positive predictive value was very low (0.039). If a shorter TMD was used as the criteria, the positive predictive value increased. In our group of Chinese women, a combination of MP III and TMD 5.5 cm might be a more appropriate criterion, with high sensitivity and specificity (0.714 and 0.921 respectively), although the positive predictive value was still not high enough (0.114).
MP and AOE
The above analysis showed that predictive variables based on absolute anatomical measurements which were useful in predicting difficult intubation in the Caucasian population could not be applied to the Chinese population who have a smaller body build. Therefore, would a combination of predictive variables independent of body build, namely MP and AOE, be more suitable for deriving a method that could be used to predict difficult intubation in different ethnic groups?
Based on multiple regression analysis of the various prediction variables on the DL grading, we derived the following regression equation:
DL=2.73+0.1 MP-0.1 TMD-0.01 AOE in which MP was the numerical value of the Mallampati class, TMD was measured in centimetres, and AOE was measured in degrees. Intubation would be difficult (i.e. high DL grading) for a subject with a high MP class, a short TMD and a small AOE. After rearranging. the equation became: DL=2.73-0.1 TMD-(0.01 AOE-0.1 MP) in which the DL grading would be higher if the combination of AOE and MP yielded a more negative value. We termed the combination of MP and AOE the Predictor of Intubation Difficulty (PID).
When PID 0 was used as the criteria for prediction of difficult intubation, both sensitivity and specificity were high (0.714 and 0.955 respectively). The positive predictive value was the highest among the methods studied so far (0.217).
The superiority of PID as a predictor of difficult intubation could be demonstrated by using the receiver operating characteristic (ROC) curve. The ROC curve of PID was furthest into the top left corner compared with those of the other predictive variables (Figure 1 ).
DISCUSSION
The prevalence of difficult intubation in our group of Chinese women varied from 1.54% in the nonpregnant to 1.99% in the pregnant women. It was comparable to that reported in the Caucasian population, which ranged from 1.5% 2 to 13% 10 .
An ideal predictive test of difficult intubation should be able to distinguish all subjects with All the predictive tests that were studied, namely Mallampati test, thyromental distance and atlanto-occipital extension, had high sensitivity and specificity in predicting difficult intubation. However, when used alone, they all had low positive predictive value, indicating high false positive rate. This is not surprising as difficult intubation has a low prevalence. Moreover, predictive variables based on absolute anatomical measurements, namely thyromental distance, were not useful in predicting difficult intubation in Chinese women. Using criteria that were useful in predicting difficult intubation in the Caucasian population resulted in low specificity and positive predictive value in our group of Chinese women. This difference can be explained by the fact that Chinese women have smaller body build compared to Caucasians.
To improve the positive predictive value, combination of predictive variables can be used. We demonstrated that combining Mallampati test with thyromental distance resulted in higher positive predictive value than when using either test alone. However, we had to use a shorter thyromental distance than that proposed by Frerk 9 as the criteria for prediction of difficult intubation to make this test useful in Chinese women. This shows the limitation of using absolute anatomical measurements as criteria, being the lack of versatility in predicting difficult intubation among different ethnic groups with different body build.
Our proposed Predictor of Intubation Difficulty, on the other hand, combines two predictive variables that are independent of body build. It also takes into consideration the possible interactions between them. These might help to explain the high positive predictive value of our proposed method. Compared with other complex scoring systems like the Wilson's risk sum, our proposed method has also an advantage of being simple to allow day-to-day clinical use.
Although it may not be possible in reality to have a single test that is foolproof for predicting difficult intubation, we should pursue the search for it. Meanwhile, maintaining a high degree of awareness of the problem of difficult intubation is important.
